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1. BACKGROUND

The objective of the proposed research is to experimentally study the effect of

strain rate on mechanical response (deformation and failure) carbon fiber/epoxy matrix

composites. The experimental data provide the information needed for the development

of a nonlinear, rate dependent deformation and strength models that can subsequently be

used in design. This year effort was directed into testing the epoxy resin. Two types of

epoxy were tested each in tension and shear at various strain rate that ranges from 5x10 -5,

to 700 s -1. The results show that both, the strain rate and the mode of loading affect the

epoxy response.

2. EXPERIMENTAL SETUP

Tension and torsion tests were conducted at strain rates of approximately 5xl 0 -5,

1, and 400 s-1. The low strain rate tests (5x10 -5 and 1 s -1) were done on a hydraulic

Instron machine, and the high strain rate tests were done using the tensile split Hopkinson

bar apparatus. The Instron machine is bi-axial (tension/torsion) and loading can be

tensile, torsion, or a combination of the two. In tests with the Instron machine, force or

torque is measured by the load cell of the machine. In the tensile tests strain is measured

with strain gages cemented to the specimen. In each test two strain gages (Measurements

Group EA-06-125BZ-350) were cemented on the specimen's surface on opposite sides.

In the torsion tests the shear strain is determined from the relative rotation of the

specimen's ends that is measured by a special rotation extensometer.

The split Hopkinson bar apparatus, shown schematically in Fig. 1, is made up of

two aluminum bars. The specimen is placed (cemented) between the bars. The specimen

is loaded by a wave that is generated in the incident bar by clamping a tensile force in the

tensile bar (and a torque in the torsion bar) in the end section of the bar, and then

releasing the clamp. Upon loading, part of the loading wave reflects back to the incident

bar, and part propagates on to the transmitter bar. The incident and transmitter bars

remain elastic throughout the test. In the standard technique, the history of stress and

strain in the specimen is determined from the recorded elastic waves in the bars. In this



determinationit is assumedthat thespecimenis undera stateof uniform uniaxial tension

stressanddeformationin thetensilebar(andpureshearin thetorsionbar). In thepresent

researchthe tensilesplit Hopkinsonbar techniquewasalsomodified suchthat strain is

alsobemeasureddirectly on thespecimen.Thiswasdoneby attachingtwo straingages

onoppositesidesof thespecimen,asin the low ratetests.

3. SPECIMENS

The specimenin the tensile testsis a short dog-boneshapecouponcut from a

plate. Thecouponis gluedto two slottedcylindricaladapters.Thespecimen'sgeometry

and the adaptersare shownin Fig. 2. For use in the split Hopkinsonbar the unit is

cementedbetweentheinput andoutputbars. Forusein thehydraulictestingmachinethe

assemblyis pinnedto double universaljoints, which areconnectedto the grips of the

machine. The doubleuniversaljoint connectionreducesthepossibility of introducinga

bendingmomentresultingfrom apossibleeccentricloadline in thetestingmachine.

In the torsion teststhe specimenis a short thin-walled tube. The specimenis

obtainedby machininga notch in a thick-walledtube. The thick-walled tube is made

from an epoxy plate suchthat the axis of the tube is perpendicularto the plate. The

specimenis gluedto adaptersthat arethenattachedto thetestingmachine.Thespecimen

andadaptersareshownin Fig. 3. In a torsionalsplit Hopkinsonbar testthe adaptersare

cementedto the bars. In a testwith the Instronmachine,the adaptershavea hexagonal

endthatis attachedmechanicallyto ahexagonalgrip.

4. RESULTS

Testswereconductedwith specimensmadeof E-862andPR-520resinmaterial.

Eachtypeof specimenwastestedin tensionandshearatstrainratesof approximately5x10-5,1,

and400s-1.

The testsaresummarizedin table 1. For eachtest, the stress,strain,and strain

rate(in the splitHopkinsonbartests),all asa functionof time, andthestress-straincurve

for the testaregiven in the Appendix(in the order listed in table 1). The stress-strain



curvesfrom all the tests for eachmaterial testedaregiven in Figs. 4 - 7. The results

show that thematerialis very sensitiveto the strainrate. In all of the specimenstested

theinitial modulusandthemaximumstressincreaseswith strainrate.



TABLE 1" OSUTESTSFORNASA
SUMMARY OFTESTS2001-2002

TESTNO. SPECIMEN'S
MATERIAL

EXP01-1 EpoxyresinE-862
EXP01-2 EpoxyresinE-862
EXP01-3 EpoxyresinPR-520
EXP01-4 EpoxyresinPR-520
EXP01-5 EpoxyresinE-862
EXP01-6 PR-520
EXP01-7
EXP01-8
EXP01-9
EXP01-10
EXP01-11
EXP01-12
EXP01-13

Epoxyresin
Epoxyresin
Epoxyresin
Epoxyresin
Epoxyresin
Epoxyresin
Epoxyresin
Epoxyresin
Epoxyresin

E-862
PR-520
PR-520
PR-520
E-862
E-862
PR-520
E-862

STRAIN RATE
(l/s)
700

COMMENTS

1.3x10 -4

Torsion

700 Torsion

700 Torsion

700 Torsion

1.3x 10 -4 Torsion

Torsion

2.6

2.6

No data

455

476

470

476

455

Torsion

Torsion

Tension

Tension, stepped adapter

Clamp broke at pin.
Tension

Tension

TensionEXP01-14

EXP01-15 Epoxy resin E-862 455 Tension

EXP01-16 Epoxy resin PR-520 445 Tension

EXP01-17 Epoxy resin PR-520 5x10-5 Tension

EXP01-18 Epoxy resin PR-520 5.1x10-5 Tension

EXP01-19 Epoxy resin E-862 5.7x10-5 Tension

EXP01-20 Epoxy resin E-862 5.7x10-5 Tension

EXP01-21 Epoxy resin PR-520 5.3x10-5 Tension

EXP01-22 Epoxy resin PR-520 1.4 Tension

EXP01-23 Epoxy resin PR-862 5.4x 10 -5 Tension

EXP01-24 Epoxy resin E-862 1.2 Tension

EXP01-25 Epoxy resin PR-520 4.7x10-5 Tension

EXP01-26 Epoxy resin PR-520 1.7 Tension

EXP01-27 Epoxy resin PR-862 1.2 Tension

EXP01-28 Epoxy resin PR-862 1.4 Tension
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Fig. 1: Schematic of the tensile split Hopkinson bar apparatus,

(a) tensile, (b) torsion.
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APPENDIX

For each test two plots are presented. In one the stress, strain (measured by the strain

gages when gages were attached to the specimen, and/or determined by the SHB

analysis), and strain rate (in the split Hopkinson bar tests), all as a function of time. The

other plot contains the stress-strain curve for the test.

The plots are in the order listed in Table 1.
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